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INTRODUCTION 

Fiber-reinforced  composite  materials  have  baan  Increasingly  us  ad  in  engi- 
naaring  structures  as  Mall  as  in  lightweight  araaaant  components  because  of 
their  high  strangth,  stiffness,  and  significant  Maight  savings.  Soma  armament 
components  have  the  form  of  cylinders.  The  stiffnass  matrix  C^j  is  needed  in 
the  designing  of  these  cylinders.  A  study  of  test  methods  for  material  charac¬ 
terization  of  a  filament  wound  composite  cylinder  was  made  with  a  purpose  of 
obtaining  its  stiffness  matrix. 

Stress-strain  relations  for  anisotropic,  orthotropic,  and  transversely 
isotropic  materials  are  reviewed.  Compliance  matrix  is  given  in  terms  of 
engineering  constants  E,  u,  and  Q  (Young's  moduli,  Poisson's  ratios,  and  shear 
moduli,  respectively).  Test  methods  for  obtaining  these  constants  are  shown, 
finally,  the  stiffness  matrix  is  given  by  the  inverse  of  S-jj. 

STRESS-STRAIN  RELATIONS  FOR  ANISOTROPIC  MATERIALS 

The  generalized  Hooke's  law  relating  stresses  to  strains  can  be  written  as 

*i  «  Cjj€j  i ,  j  •  1.2 . 6 

where  e.{  are  the  stress  components,  C^j  the  stress  matrix,  and  ej  the  strain 
components.  The  comparison  between  tensor  and  contracted  notations  for  stresses 
and  strains  is  given  in  Table  I,  where  t  and  y  are  shear  stress  and  shear 
strain,  respectively. 


TABLE  X.  COMPARISON  BETWEEN  TENSOR  AND  CONTRACTED 
NOTATIONS  FOR  STRESSES  AND  STRAINS 


Stresses 

Strains 

Tensor 

Contracted 

Tensor 

Contracted 

Notation 

Notation 

Notation 

Notation 

*11 

*1 

*11 

*1 

*22 

*2 

*22 

*2 

*33 

*3 

*33 

*3 

t23  *  <*23 

*4 

723 

*4 

t31  ■  *31 

*5 

731 

*5 

t12  *  *12 

*6 

712 

*6 

The  stiffness  matrix  C.,j  has  36  components.  By  virtue  of  symmetry,  C^j  ■ 
C j -) ,  and  only  21  of  the  constants  are  Independent.  Similarly,  we  can  write 

*1  •  1,j  -  1,2... .,6 

where  S-jj  Is  the  compliance  matrix  and  the  Inverse  of  C^j. 

If  there  Is  one  plane  of  material  property  symmetry,  the  strain-stress 
relations  reduce  to 
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s12 

S13 

0 

0 

— 

s16 

s12 

s22 

s23 

0 

0 

s26 

s13 

s23 

S33 
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0 

S36 

0 

0 

0 

s44 

S45 

0 

0 

0 

0 

S45 

s55 

0 

s16 

S26 

s36 

0 

0 

s66 

where  the  plane  of  symmetry  is  z  «  0.  There  are  13  independent  constants  and 
such  a  material  is  termed  monoclinic. 
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If  there  art  three  orthogonal  pianos  of  notarial  proporty  synnetry,  tho 


strain-stress  relations  raduca  to 
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S5S 
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0 
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0 

0 

®66 

Thara  ara  nina  Indapandant  constants  and  the  aateria'i  Is  taraad  orthotropic. 

If  at  ovary  point  of  tha  notarial  thara  is  ona  plana  in  whicn  tha  nachan 
cal  propartias  ara  equal  in  all  diractions,  than  tha  notarial  is  taraad  trans 
varsaly  isotropic.  If,  for  exanple,  tha  1*2  plana  is  tha  spocial  plana  of 
isotropy,  than  tha  strain-strass  ralations  ara 
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Thara  ara  only  fiva  independent  constants. 
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ENGINEERING  CONSTANTS  FOR  TRANSVERSELY  ISOTROPIC  MATERIALS 
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Engineering  constants  art  Young's  moduli  E,  Poisson's  ratios  u,  and  shtar 
toduli  G.  Thtst  art  measured  in  sitplt  ttsts  such  as  uniaxial  tension.  Tht 
constants  obviously  havt  tort  dirtct  ttaning  than  tht  components  of  tht 
compliance  and  stiffntss  matrices.  Most  sitplt  ttsts  art  ptrforttd  with  a  known 
load  or  strtss.  Than  tht  rtsulting  strain  is  ttasurtd.  Thus,  tht  compontnts  of 
tht  cotplianct  matrix  S^j  art  determined  tort  dirtct ly  than  thost  of  tht  stiff- 
ntsi  matrix  C^j.  For  a  transvtrstly  isotropic  mattrial,  tht  compontnts  of  the 


cotplianct  matrix  in  tarms  of  tht  tnginttring  constants  art 


“ 

- 

| 

1/Ei 

“P21/e2 

«U3l/E3 

0 

0 

0 

•U12/ei 

i/e2 

'M32/e3 

0 

0 
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[Sij]  « 

-M13/E! 

“M23/e2 

1/e3 
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0 
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1/023 
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0 
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0 

1/Q31 
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0 

0 
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0 

0 

1/G12 

and 

I 

j 

E1  ■  P12  ' 

■  U21*  H13 

■  M23* 

M31  *  M32. 

g23  ■ 

031.  °12 

! 

»  Ei/2(1+m21) 

whtrt  tht  1-2  plant  is  tht  special  plant  of  isotropy.  Additional  relations 

M32/e3  *  W23/e2»  H3l/E3  *  Ml3/El 

must  bt  satisfied  from  tht  condition  of  symmetry  in  S-jj.  There  art  only  five 
independent  engineering  constants:  Ej,  E3,  pj2,  Mi3»  and  G23. 

CYLINDERS  WITH  FIBERS  IN  AXIAL  DIRECTION 

This  is  a  transversely  isotropic  cast  where  the  R9  plane  is  the  special 
plane  of  isotropy.  Letting  (R.e.Z)  coincide  with  the  (1,2,3)  directions,  the 
compliance  matrix  in  terms  of  the  engineering  constants  follows: 
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1/ff  *pgr/Eg  0  0  0 

~Mr®/Cr  1/Eg  *Nx®/6x  0  0  0 

-Mrj/lr  l/Ez  000 

0  0  0  l/Ggz  0  0 

0000  1/Gzr  0 

0  0  0  0  0  l/Gr® 

and 

EP  •  Eg,  Mr®  ■  M®r*  Mrx  ■  M®x,  Fxr  ■  H*®* 

0®x  •  Oxr »  ®r®  "  8p/2(i*M®r) 

Additional  ralations 

Mx®/Sf  ■  #®x/E® 

^xr/Ex  ■  Frx/*r 

Must  ba  satisflad  from  tha  condition  of  synmatry  in  S-jj.  Thara  ara  only  fiva 
indapandant  anginaaring  constants:  EP,  Ez,  Mr®*  4rz*  snd  Qgz. 

A  tast  at  uniaxial  loading  givas  tha  valuas  of  Ez  and  Mx®>  D#t*  cakan  at 
tha  outsida  surfaca  of  a  tast  undar  intarnal  prassura  with  floating  ands  datar- 
nina  tha  valua  of  Eg.  Tha  valuas  of  pgz  a>rH*  Urx  can  than  ba  calculatad.  Data 
takan  at  tha  insida  surfaca  of  tha  saaa  tast  datanaina  tha  valua  of  Ufg.  Tha 
raaaining  anginaaring  constant  Ggz  can  ba  datanainad  by  Mans  of  a  torsion  tast. 

CYLINDERS  WITH  FIBERS  IN  CIRCUMFERENTIAL  DIRECTION 

This  Is  again  a  transvarsaly  isotropic  easa  whara  tha  RZ-plana  is  tha  spa- 
clal  plana  of  Isotropy.  Lotting  (Z,R,®)  coincida  with  tha  (1,2,3)  dlractions, 
all  statanants  In  tha  pravlous  saction  hold  providad  that  propar  changas  of 
diractlons  ara  nada.  Spaclf ical ly,  S^j  has  tha  following  form: 
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CONCLUSIONS 

Test  methods  for  determining  engineering  constants,  i.e.,  Young's  moduli, 
Poisson's  ratios,  and  shear  Moduli,  for  coaposite  cylinders  with  fibers  in  the 
axial  or  circuaferential  directions  have  been  shown.  Constants  in  the 
compliance  aatrix  S^j  can  then  be  calculated  by  means  of  the  well-known 
equations  relating  compliance  aatrix  to  engineering  constants.  The  stiffness 
aatrix  is  given  by  the  inverse  of  S^j. 

For  coaposite  cylinders  with  other  fiber  directions,  engineering  constants 
may  be  obtained  by  the  rotation  of  coordinate  axes  and  the  rule  of  Mixture. 
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